OBJECTIVE: In view of the high incidence of polycystic ovary syndrome (PCOS) and the unsatisfactory therapeutic effects of dimethyldiguanide or clomifene citrate alone, our study aimed to investigate the therapeutic effects of dimethyldiguanide combined with clomifene citrate in the treatment of PCOS.
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INTRODUCTION
Polycystic ovary syndrome, or PCOS, is one of the most common endocrine disorders, affecting more than 7 % of females during their reproductive age 1 . At present, PCOS is mostly defined as hyperandrogenism-induced chronic anovulation in females who are not suffering from pituitary gland or adrenal diseases 2 . PCOS is not only closely correlated with the occurrence of anovulatory infertility but is also one of the major risk factors for the development of various types of ovary cancer 3 . Although abnormal gonadotropin secretion has been proved to closely correlate with hyperandrogenism and anovulation, the pathogenesis of PCOS still hasn't been fully elucidated 4 . At hormone level, the excessive production of luteinizing hormone during PCOS can increase testosterone level, leading to the arrest of ovarian folliculogenesis 5 . Although various types of drugs have been developed to treat PCOS, treatment outcomes are usually unsatisfactory.
Grouping and treatment
Patients were randomly divided into group A (n=40) and group B (n=39). Patients in group A were treated with dimethyldiguanide (long-acting 2.5 g metformin, once per day, Bristol-Myers Squibb) combined with clomifene citrate (50 mg per time, once per day, hengshan pharm) for 5 days (day 3 to day 7 of the menstrual cycle). Patients in group B were only treated with clomifene citrate during the same period. From the 8th day of the menstrual cycle, a daily vaginal ultrasound examination was performed to monitor follicular development. Human chorionic gonadotropin (hCG) was injected via intramuscular injection in patients of group A and B when the mean diameter of the largest follicles monitored was >=20 mm. No significant differences in general information were found between group A and B (Table 1) .
Observation indices
Vaginal ultrasound examination was performed by the same professional physician before and after the treatment to calculate the positive rate of three lines sign, measure the endometrial thickness, and count bilateral ovarian follicles (measured 3 times for the average). Based on the endometrial thickness and ovarian follicle number, the cycle pregnancy rate (one cycle), early abortion rate, periodic ovulation rate, single follicle ovulation rate, follicular growth rate, and other indicators were calculated. The number and size of follicles were monitored since the 10th day of the menstrual cycle by vaginal ultrasound. Cervical mucus examination and scoring were performed from the 14th day of the menstrual cycle, and the formation of typical ovate crystals and oval body indicated ovulation. Levels of follicle-stimulating hormone and luteinizing hormone were measured 3 days after treatment.
Real-time quantitative PCR
Total RNA was extracted from endometrial tissues using Trizol reagent (Invitrogen, USA). RNA samples were tested by NanoDrop ™ 2000 Spectrophotometers (Thermo Fisher Scientific, USA), and the ones with a A260/A280 ratio between 1.8 and 2.0 were used to synthesize cDNA through reverse transcription. The following primers were used in PCR reactions: 5'-GCGGAGCCATGGATTGCAC11-3' (forward) and 5'-CTCTTCCTTGATACCAGGCCC-3' (reverse) for SREBP1; GACCTCTATGCCAACACAGT (forward) and AGTACTTGCGCTCAGGAGGA (reverse) for β-actin. PCR reaction conditions were: 95 °C for 30 s, followed Therefore, the development of an effective and safe treatment drug for PCOS is always in high demand.
Previous studies have shown that dimethyldiguanide 6 and clomiphene citrate 7 have protective effects for patients with PCOS, and both of them can be used to induce ovulation and pregnancy. However, their efficacies should be further improved to meet the treatment requirement. In this study, dimethyldiguanide were combined with clomiphene citrate to treat patients with PCOS. We found that the therapeutic effects of combined treatment are stronger than those of clomiphene citrate alone.
METHODS

Patients
A total of 79 patients with polycystic ovary syndrome (PCOS) in reproductive age were selected from a reproductive hospital affiliated to Shandong University from august 2012 ~ august 2014. The age ranged from 24 to 39 years, with a mean age of 27.11±4.28 years. All those patients underwent an endometrial biopsy to detect potential ovarian lesions. Inclusion criteria: (1) patients who did not take contraception or were pregnant during the past year; (2) patients who met the diagnostic criteria of PCOS 8 ; (3) patients who did not receive reproductive hormones or ovulation induction treatment during the past 3 months; (4) lipiodolized angiography showed that at least one side of the uterine tube was unobstructed; (5) patients who signed informed consent; (6) male partner had a sperm test a+b total>107. Exclusion criteria: (1) patients with other disorders of the ovary; (2) patients with a history of ovarian surgery; (3) patients with high levels of androgen caused by other diseases. At the same time, 35 healthy females were selected to serve as a control group. Inclusion criteria of the control group: females with normal physiological conditions; 2) females who matched the age distribution of the patient group. Exclusion criteria: 1) females who were not willing to participate; 2) females who failed to cooperate with researchers. Healthy women had difficulties in getting pregnant, while endometrial biopsies showed no existence of lesions. The age of those healthy females ranged from 23 to 40 years, with a mean age of 26.99 ± 3.57 years. No significant differences in age, BMI, and other basic information were found between the two groups. This study has been approved by the Ethics Committee of Shandong University. All participants signed informed consent. by 40 cycles of 95 °C for 12 s and 60 °C for 32 s. Data were analyzed using the 2-ΔΔCT method. The relative expression level of SREBP1 was normalized to endogenous control β-actin.
Statistical analysis SPSS19.0 (SPSS Inc., USA) was used to perform the analysis. Data followed a normal distribution. Measurement data were recorded by (`x±s), and comparisons between two groups were performed by t-test. Count data were processed by the Chi-square test. P-value < 0.05 was considered to be statistically significant.
RESULTS
Sterol regulatory element-binding protein-1 (SREBP1) expression was upregulated in endometrial tissues of patients with PCOS Expression of SREBP1 in endometrial tissues of both PCOS patients and normal healthy females was detected and compared. As shown in Fig. 1 , the expression level of SREBP1 was significantly higher in endometrial tissues of PCOS patients than that in normal healthy females (p < 0.05).
Expression of SREBP1 in different groups before and after the treatment Before treatment, no significant differences in the expression level of SREBP1 mRNA were found between group A and B (Fig. 2a) . Compared with the pre-treatment levels, the expression level of SREBP1 mRNA was significantly reduced in both group A (p < 0.05, Fig. 2b ) and group B (p < 0.05, Fig. 2c ). After the treatment, no significant differences in the expression level of SREBP1 mRNA were found between group A and the control group (Fig. 2d) , while the expression level of SREBP1 mRNA was significantly higher in group B than that in group A or the control group. Those data indicate that both combined treatment and clomifene citrate alone can inhibit the expression of SREBP1 mRNA in endometrial tissues, while the inhibitory effect of the combined treatment was stronger than that of clomifene citrate alone.
Comparison of mature follicles number and cervical mucus score between two patient groups After the treatment, the number of mature follicles in group A was higher than that in group B (p < 0.05). In addition, cervical mucus score was also higher in group A than that in group B (p < 0.05).
Comparison of ovulation induction effect between two patient groups
After the treatment, the follicular development rate was significantly higher in group A than that in group B (p < 0.05). In addition, the single follicle ovulation rate was also slightly higher in group A than that in group B at 48 h to 60 h after injection of hCG. However, no significant differences in cycle pregnancy rate, early miscarriage rate, and ovulation rate were found between the two groups.
Comparison of endometrial thickness and positive rate of three lines sign between two patient groups After treatment, the number of PCOS patients with endometrial thickness < 7mm in group A was significantly smaller than that in group B (p < 0.05). In addition, the positive rate of three lines sign was also slightly higher in group A than that in group B, but the difference was not statistically significant.
Comparison of hormone levels between the two patient groups and the control group
After treatment, the level of follicle-stimulating hormone in group A was significantly higher than that in group B (p < 0.05), and reached the level of the control group. However, no significant differences in the level of luteinizing hormone were found between two patient groups after the treatment; however, the luteinizing hormone level in group A and B was still significantly higher than in the control group.
DISCUSSION
The development of PCOS is a complex process with various internal and external factors involved. It has been well accepted that the abnormal production of sexual hormones is closely correlated with the occurrence, development, and progression of this disease. Hyperandrogenism in women with PCOS is characterized by an increased level of tosterone 9 . Besides that, increased luteinizing hormone/follicle-stimulating hormone ratio caused by reduced production of follicle-stimulating hormone and increased production of luteinizing hormone is also a common hormonal feature of PCOS 9 . Recent studies have also shown that excessive secretion during PCOS is responsible for the reduced secretion of follicle-stimulating hormone and the production of testosterone, as well as the increased luteinizing hormone/follicle-stimulating hormone ratio, which is a key factor for the arrest of ovarian folliculogenesis 8, 9 . Dimethyldiguanide has been proved to regulate the abnormal secretion of follicle-stimulating hormone and luteinizing hormone in patients with PCOS 6 . Similar therapeutic effects of clomiphene citrate were also observed in the clinical treatment of PCOS 7 . In our study, the level of follicle-stimulating hormone in patients with combined treatment was significantly higher than in patients who underwent the clomiphene citrate treatment alone and reached the level of the control group. However, no significant differences in the level of luteinizing hormone were found between the two patient groups after the treatment, but the luteinizing hormone level in the two patient groups was still significantly higher than that in control group. Those data suggest that, compared with the clomiphene citrate treatment alone, the combined treatment can significantly increase the Notes: *compared with the level before treatment, p<0.05; #compared with the control group and group A, p<0.05 enhancing effects on the secretion of follicle-stimulating hormone, but had no significant impact on the inhibitory effects of the secretion of luteinizing hormone. Our data provided references for the combined use of clomiphene citrate and dimethyldiguanide in the treatment of PCOS. Clomiphene citrate and dimethyldiguanide may be combined with other drugs that can reduce luteinizing hormone to improve the treatment further.
Numerous studies have shown that both dimethyldiguanide and clomiphene citrate have protective effects for patients with PCOS, and treatment with dimethyldiguanide or clomiphene citrate alone can significantly induce ovulation and pregnancy. In this study, compared with the clomifene citrate treatment alone, dimethyldiguanide combined with clomifene citrate significantly improved cervical mucus score, follicle development rate, single follicle ovulation rate, endometrial thickness and positive rate of three lines sign. Those data suggest that the combined treatment is superior to the clomifene citrate treatment alone in various indices for the treatment of PCOS. However, compared with patients who were treated with clomifene citrate alone, no significant improvement in pregnancy rate, early miscarriage rate, and ovulation rate was observed in patients with the combined treatment. Therefore, ways to further improve those indices will be the focus of future work.
Genetic factors also play pivotal roles in the treatment of PCOS. SREBF1 is a transcription factor that binds to the promoter regions of a variety of genes to regulate their expressions. Abnormal expression of SREBF1 exists in various disease models, such as Parkinson's, non-alcoholic fatty liver disease, among others. Recent studies have shown that 54G/C polymorphism of SREBF-1 gene is closely associated with the development of PCOS. In addition, abnormal upregulated SREBP1 is observed not only in endometrial cancer but also in PCOS. Consistent with previous studies, in this study, the expression level of SREBP1 was found to be significantly higher in the endometrial tissues of PCOS patients than that in normal healthy females, indicating the involvement of this gene in PCOS. Both combined treatment and clomifene citrate alone inhibited the expression of SREBP1 mRNA in endometrial tissues, while the inhibitory effect of combined treatment was stronger than that of clomifene citrate alone. Those data suggest that the combined treatment may inhibit the expression of SREBP1 to improve PCOS.
It has been reported that dimethyldiguanide can inhibit CYP-17 expression and reduce theca cell proliferation in androgenized rat models, thereby improving ovarian follicle dynamics 10 . Therefore, the improved therapeutic effects of the combined treatment are possibly mediated by the altered CYP-17 expression and theca cell proliferation. Our future studies will try to investigate this possibility. Our study provided a promising combined treatment for PCOS. However, it is worth noting that PCOS is a reproductive disorder as well as a complex metabolic disease; therefore, the treatment should be individualized. Some factors, such as patients' pregnancy plans and the risk of longterm complications should be considered before the selection of treatment strategies 11 . Therefore, more studies are still needed to explore the individualized treatment for PCOS further.
In is worth noting that our studies failed to investigate the gene polymorphism of SREBP1 in PCOS, so the opposite correlation cannot be excluded. Therefore, more studies are still needed.
CONCLUSION
In conclusion, the expression level of SREBP1 was higher in PCOS patients than that in the healthy control. SREBP1 expression was inhibited after treatment, while the inhibitory effects of combined treatment were stronger than those of clomifene citrate alone. Compared with clomifene citrate alone, the combined treatment improved the cervical mucus score, follicle development rate, single follicle ovulation rate, endometrial thickness, positive rate of three lines sign, and follicle-stimulating hormone level. Therefore, we conclude that the therapeutic effect of combined treatment is better than that of clomifene citrate alone in the treatment of PCOS. The small sample size limits our study. Further studies with bigger sample size are expected to confirm our conclusion.
